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,  The  Drying  of  Gas  by  Calcium  Chloride 

,  ...  Laboratory  of  Research,  Solvay  k  Co. 

j.T'cit  ,  'X  ■ 

Wow  that  calcium  chloride  is  currently  used  in  the  laboratory  as  a 
drying  agent  for  gas, 'it  has  scarcely  been  tne  object  of  analogous  applications 
in  industry,  for  various  reasons*-,.  In  the^’follawiftg  j  will  be  found  she  results 
of  experiments  tending  to  utilize^on  a  large  sea  la,*  to  effect  not  orily  com¬ 
plete  drying,  but  a  reduction  of  the  quantity  of  water  contained  in  the 
gases  treated,  a  series  of  tables  and  diagrams  make  it  possible  to  resolve 
the  problems  which  are  posed  in  practical  industry.  . _  _ _ 

Introduction: 

Calcium  chloride  is  frequently  used  in  laboratories  as  drying  agent 
for  gases:  they  are  made  to  pass  under  a  bed  of  porous  granules  of  anhydrous 
calcium  chloride.  The  gases  coining  out  are  extremely  dry  insofar  as  the 
layer  of  chloride  contains  still  a  sufficient  quantity  of  anhydrous  chloride. 

This  process  has  not  received  important  industrial  applications.  It  is, 
in  fact,  rather  costly'  for  the  following  three  reasons: 

—The  quantity  of  water  fixed  per  kilogram  of  CaCl2is  relatively  we-k, 
for  the  chloride  loses  its  efficacy  in  proportion  as  it  i3  hydrated. 

rrThe  apparatus  necessarily  proceeds  irregularly,  for  the  hydrated 
calcium  chloride  is  solid  am  its  replacement  by  new  chloride  demands  a 
considerable  cost  of  labor. 

—Anhydrous  calcium  chloride  in  porous  granules  is  a  relatively  ex¬ 
pensive  substance. 

The  question  changes  aspect  completely  when  one  desires  not  a  complete 
drying  of  the  gas  but  a  reduction  of  the  quantity  of  water  contained;  one 
can  then  utilize  the  calcium  chloride  industrially,  bit  by  bit,  at  little 
cost,  and  regulate  the  operation  in  such  manner  that  the  water  is  evacuated 


at  the  state  of  saturated  solution.  In  such  a  case  the  installations  can 
work  continuously  and  no  supervision  is  necessary. 

arrangements  of  this  kind  have  already  been  recommended.  They  have  been 
little  used  up  to  the  present,  doubtless  because  of  the  lack  of  sufficient 
technical  date  to  determine  the  dimensions  of  the  apparatus  and  to  foresee 
the  cost  in  calcium  chloride.  The  results  which  we  present  here  have  the 
short  aim  of  filling  this  void.  They  result  from  a  profound  experimental 
study  of  the  question. 

Calcium  chloride  can  serve  in  the  drying  of  all  gas  not  reacting  chemically 
with  it.  The  results  which  we  give  bear  on  the  drying  of  air. 

Drying  apparatus; 

The  drying  apparatus  consists  of  a  simple  cylindrical  column  of  iron 
filled  with  calcium  chloride  at  73-75$  CaCl2,  crushed  to  bits  of  2>  to  50  ram. 

It  is  to  be  noted  that  particles  such  as  are  used  as  antidust  are  not  suitable 
for  this  purpose  because  the  particles  unite  too  easily  under  the  effect  of 
humidity.  The  calcium  chloride  rests  on  a  grille  in  a  box  covered  with 
metallic  mesh  v&th  holes  of  2  mm.  The  gas  to  be  dried  is  injected  under  the 
grille  by  a  lateral  pipe  permitting  as  equal  distribution  as  possible  in  all 
sections  of  the  apparatus.  At  the  base  of  the  apparatus  is  adapted  u  siphon 
permitting  evacuation  of  the  chloride  solution.  The  dried  air  leaves  by  a 
tube  set  in  the  top  cover. 

In  practice,  the  feeding  of  the  chloride  apparatus  will  not  be  continuous. 
Drying  leads  to  a  consumption  of  chloride,  the  height  of  this  will  progressively 
diminish  and  it  will  be  necessary  to  place  a  new  charge  in  the  apparatus  at 
the  moment  or  the  heigntof  charge  will  no  longer  be  sufficient  to  assure  the 
result  desired. 
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Functioning  of  the  Anparatus: 


If  ono  considers  a  column  of  drying  functioning  normally,  one  can 


distinguish  two  zones: 

— The  first  occupies  the  lower  part  of  the  apparatus  and  has  only  a 
slight  height.  It  is  in  this  zone  that  the  major  part  of  the  fixation  of 
water  takes  place.  The  complete  operation,  condensation  of  water  vapor 
and  dissolution  of  chloride,  being  exothermic,  the  temperature  of  air 
increases  strongly  and  as  the  surface  of  radiation  is  weak,  the  maximum 
temporature  attained  at  the  higher  level  of  this  zone  is  only  slightly 
lower  than  that  corresponding  to  an  adiabatic  operation. 

— The  secona  zone  carries  on  all  the  rest  of  the  changing  of  chloride. 
Its  height  being  less,  the  heat  losses  by  radiation  are  more  important; 
the  cooling  which  results  has  the  effect  of  increasing  the  hygrometric 


degree  of  the  air;  but  because  of  the  presence  of  chloride,  there  is  excess 
fixation  of  water  with  release  of  heat,  which  slows  the  cooling  of  air. 

The  water  vapor  condensed  forms,  on  the  surface  as  grains,  a  saturated 
solution  which  rolls  to  the  base  of  the  apparatus  where  it  is  evacuated  in 
continuous  fashion  by  siphon. 

For  the  unitary  output  of  air  enclosed  between  700  and  3-500  kg.  of 
dry  air/h/m2  (1),  air,  on  leaving  the  apparatus,  is  in  hrarc metric  balance 
with  the  chloride  solution  saturated  at  the  poverninm  temperature  at 
the  oeak  of  the  piling  up  of  the  chloride.  Its  content  in  humidity  is  then 
a  functionof  its  temperature.  That  is  why  the  temperature  is  an  essential 
factor  in  the  question  of  drying. 

The  curves  of  fig.  1  give  the  variations  of  the  quantity  of  ..ater 
contained  in  air  in  hygrometric  balance  with  the  saturated  solutions  of 
CaCl^>  a3  a  function  of  temperature.  One  sees  that  the  content  of  .v:. 
vapor  of  air  in  hygrometric  balance  with  the  saturated  solutions  CuOI2ia 
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much  stronger,  and  the  increase  of  this  content  more  rapid,  the  higher  the 
teaperuturo. 

This  diagram  gLvo s  also,  for  each  temperature,  the  content  limit  in  water 
of  air,  which  one  attains  by  drying  by  means  of  calcium  chloride  following 
the  process  which  we  are  studying.  If  one  desires  to  obtain  more  dry  air, 
he  must  have  recourse  to  another  drying  agent. 

To  augment  the  efficacy  of  drying,  a  lowering  of  the  temperature  of  «ir 
at  the  moment  where  it  leaves  the  chloride  would  always  be  favorable.  The 
drying  operation  being  exothermic,  ""he  temperature  of  ar  at  the  peak  of 
accumulation  of  chloride  will  be  ouch  higher  than  the  temperature,  and  the 
hygrometrlc  degree  of  air  vdll  be  higher. 

—Each  time  that  it  will  be  economically  possible,  there  would  be 
interest  in  codling  the  humid  air  before  its  entrance  into  the  drying 
apparatus,  after  this  prelimirury  cooling,  there  would  eventually  be  con¬ 
densation  of  part  of  the  water  vapor.  In  act,  saturation  at  20°C  for  example,  . 
corresponds  to  only  54, 6°hygro  metric  at  30°C.  and  31,5°  hygrometric  at  40° 
centigrade. 

Consumption  of  calcium  chloride: 

In  Industrial  production,  all  water  taken  off  as  air  passes  the  state 
of  chloride  solution,  the  consumption  of  chloride  is  directly  proportional 
to  the  quantity  of  water  fixed;  that  is  to  say  to  the  production  of  putput 
of  air  by  the  difference  between  the  quantities  of  water  contained  in  the 
air  before  and  after  drying.  The  consumption  of  chloride  depends  equally 
on  the  concentration  of  the  solution  leaving  the  apparatus.  This  concentration 
increases  with  the  temperature  of  air  on  drying. 

In  an  apparatus  such  as  we  have  previously  described,  in  which  the  air 
to  bo  dried  is  injected  directly  under  the  calcium  chloride,  the  consumption 
Is  important  and  varies  from  3 .7  to  3,0  kg. /kg.  fired  water  for  the  cut nut 
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ur.its  contained  between  720  and  3,000  kg .  of  dry  air/a/m2  and  the  initial 
tempo  ratur  os  van/  from  20  to  40°  centigrade.  The  ccn sumption  is  strongly 
roduced  by  effecting  preliminary  drying  of  air  by  means  of  the  solution  of 

9 

OaGl  v.nioh  rolls  fr q.t.  the  drying  column.  The  operation  can  bo  easily  effected 
by  pinoing  at  tha  base  of  the  drying  c  <3  lum  a  scruobor  equipped  with  haschig 
rings.  Air  entorinp  at  the  lov:sr  part  of  the  apparatus  crosses  the  accumulation 
of  kaschig  rings  on  which  the  solution  drops  proceeding  from  the  drying  by 
chloride  in  the  height  of  the  apparatus.  Ir,  this  zone,  which  functions  as 
scrubber,  tie  air  already  yields  a  part  of  its  water  vapor  to  the  solution. 

As  a  result  the  solution  which  rolls  to  mho  base  of  the  upparatus  is  more 
diluted  than  that  which  dries  without  scru  >bor.  The  consumption  or  chloride 
will  then  be  roduced.  ?e  have  verified  that  economy  on  consumption  attains 
50 %  for  a  scrubbor  of  lm.  in  height.  There  is  soracely  any  advantage  in 
utilizing  ft  higher  scrubber. 

If,  for  roasons  of  enoumbrcnce,  it  is  not  possible  to  superpose  in  the 
same  apparatus  the  part  functioning  as  scrubber  and  the  part  filled  with  chloride, 
the  sorubber  will  be  placed  alongside  the  other.  This  disposition  will  nec¬ 
essitate  the  installation  of  a  pump  to  retake  the  solution  rolling  to  the 
base  of  tho  apparatus  to  tho  ohlori  do  and  drive  it  buck  to  the  summit  of  tho 
scrubter. 


P.os olution  of  problems  oi'  industrial  drying: 

After  having  rapidly  seen  the  functioning  method  of  a  drying  column,  vo 
will  approach  tho  industrial  problems  posed. 

It  ic  necessary,  for  example,  to  oalculato  the  efficacy  cr.o  car.  at*; air. 
from  drying  a  quantity  of  air  in  deten.iincd  conditions,  in  an  apparatu.- 
which  tho  dimensions  aro  fixed  in  advance.  More  frequently  it  is 
to  determine  the  dimensions  of  a  dry  in  ;  apparatus ,  vhi  :h  r-.-rmi’.s 
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treated  under  imposod  conditions. 

As  the  feeding  of  chloride  wi  11  bd  dis  continued 
to  introduce  at  the  tino  of  each  recharging  should 


,  the  quantity  of  chloride 
be  calculated  in  such  a 


o 


manner  that  the  froquency  of  recharging  will  be  in  agreement  with  the  nec¬ 
essities  of  the  service.  V<o  may  add  that  lessening  the  encumbrance  of  the 
apparatus,  as  much' in  sections  as  in  height,  entails  always  increasing  -the 
frequency  of  chargings,  hhon  industrial  problems  are  rosolvod,  it  will  then:-vv>- 
be  neoass  ary  to  adopt  a  solution  conciliating  these  other  matters. 

In  3omo  oases,  it  will  be  necessary,  to  obtain  the  result  imposed,  to  dry 
two  ornore  tines  vdth  intermediate  refrigeration.  From  the  point  of  view 
of  consumption  of  chloride,  it  would  always  be  interesting  to  adopt  a  drying 
apparatus  bearing  a  sorubber,  ias  we  have  indicated  previously. 

In  order  to  permit  rapid  resolution  of  problems  of  drying  which  wuld 
occur  in  practice,  we  ha^o  established  a  certain  number  of  tablos  and  diagrams 
for  rhLch  we  will  show  tho  use. 

In  order  not  to-  com plicate  -the  tablos  and  diagrams,  we  have  calculated 
and  traced  for  a  total  constant  pressure  of  7C0nm.  Hg,  to  an  ambiant  tempera¬ 
ture  of  2Q°C.  and  have  adopted  drying  apparatus  in  irpn,  which  will  be  the  usual 
case.  This  choice  is  justified  by  the  fact  that  variations  of  total  pressure 
and  ambiant  temperature  are  in  general  weak  and  do  not  influence  the  results 
very  much. 

The  -tables  and  diagrams  which  wo  present  will  suffice  largely  for  the 
solution  of  industrial  problems.  They  havo  boon  established  for  an  apparatus 


-without  sorubbor. 

In  the  case  of  adoption  of  .an  apparatus  bearing,  a  scru Auer  of  1  m.  in 
height,  the  qualities  of  air  dried  (temperature  and  content  in  water)  will 
soaroely  bo  modified,  but  the  consumption  of  chloride  will  bo  only  half  of 
■that  resulting  from  our  tablos. 


i 
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To  simplify  the  language,  wo  will  use  the-  following  notations: 


notations  Units 


.ioanans 


°C 

°hygrometric 
gr./kg.  dry  s 


Ohygrema  trie 
gr. dry  air 
kg, dry  nir/i 
kg. dry  air/Vi.m'’- 


Temperature  of  air  being  dried  ' 

Hygroma trie  degree  of  air  being  dried 
Viator  vapor  content,  ox'  air  being  dried 
Tempo raturo.  of  adiabatic  drying’ 

Temperature  of  air  at  higher  level  of  calcium  chlorid< 

Hv ;rometric  degree  of  air  at  higher  level  of  chloride 

hator  vapor  content  of  air  after  drying 

Output  of  air  related  to  dry  air 

Unit  output  of  air  related  to  dry  air 

uiamotor  of  tl»  column  at  do s sice 

Height  of  flew?  of  calcium  uhloride 


Usually,  it  is  a  question  of  determining  the  dimensions  of  an  apparatus 
in  vhich  one  dosiros  to  pass  li of  air  at  °C,  and  at  uo  degrees  hygroma  trie . 
The  efficiency  of  drying  should  be  such  that  tho  hygroma  trip  degree  of  air 

.  r 

treated,  returned  to  the  same  temperaturo,  should  equal  u. 


Tho  weight  of  dry  air  being  a  quantity  which  is  constant  in  the  courso 
of  drying,  wo  have  tho  output  and  quantities  of  water  contained  in  tho  air 
per  kilogram  of  dry  air. 

Tables  I  and  XI  give  a  roview  of  usual  data  concerning  yiold  in  kilograms 
of  dry  air  containing  P  gr.  of  water  por  kilogram  of  dry  air. 

Figure  2  gives  immediately  the  temperature  of  adiabatic  drying,  ta,  as 
a  function  of  the  state  of  initial  air  (tomperature  and  hygrcmetric  dogres). 

Table  X.~  Weight  of  dry  air  contains d  in  1  m3  of  humid  air 

for  difforont  temperatures  and  different  hygroma trie 
degrees,  (Total  pros  sure  of  hxenid  air:  7 SCram. Hg). 
height  of  dry  air,  kilograms. 

Table  II.— •Variation  of  the  quantity  of  water  in  the  air  as 
a  function  of  tho  tomperature  and  hygro metric  de¬ 
gree.  (Total  pressure  of  humid  air;7G0  ism.Hg) . 
f.uanti'ty  of  wator  in  air,  gr./kg.  dry  air. 

Table  III.—  Lowering  of  chloride  in  the  apparatus  as  a  function 

of  initial  condi ti  ons ,  * 

Table  IV.— 

Consumption  of  commercial  calcium  chloride  as  a 
function -of  conditions  of  drying. 
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Vva  recall  that  tho  temperature  c?  issuing  air  ic  close  to  ta.  It  is  important, 
then,  to  haev--  ta,  since  the  rater  content  of  treated  air  depends  on  to. 

It  is  the  content  corresponding  tohygromotric  balance  rith  the  solution  sat¬ 
urated  in  calcium  chloride. 

;«aximun  content  of  water  in  issuing;  air,  Ps  maximum,  being  imposed,  the 
diagram  of  figure  I  gives  the  ts  maximum  of  air  it  tho  end  of  drying. 

It  should  be  noted  that  Ps  maximum  and  ts  maximum  correspond  to  the 
minimum  height  of  the  flow  of  chloride,  that  is  to  its  height  immediately 
before  roohnrgir.g.  Immediately  after  the  recharging,  the  height  ic  maximum. 


Ps  and  t s  corresponding  at  this  moment  are  minimum.  In  the  course  of  funct¬ 
ioning  of  the  apparatus  between  two  chargings,  ?c  and  ts  incroase  progressively 

to  attain  thoir  maximum  values  at  the  moment  of  recharging. 

* 

Tho  diagram  of  fig.  3  lets  us  choose  tho  dimensions  of  the  apparatus. 

This  diagram  gives  tho  temperature  of  issuing  air,  ts,  as  a  function  of  unitary 

output  of  dry  air  for  differin'*  adiabatic  temperatures.  Furthermore,  to  each 

ta  there  are  two  corresponding,  curvos  subject  to  the  relative  dimensions  of 

H 

the  drying  column;  one  of  the  curves  corresponds  to  an  ^  -  T,  the  othor  to  an 

H 

E  Z  3.  Tho  isoafliabatio  ourves  are  traeod  from  5  ,  5°C.  but  one  can  interpolate 
‘  H 

betweon  these  values.  For  values  of  ^  comprised  between  I  and-  3,  interpolation 

is  permitted;  extrapolation^  equally  in  tho  neighborhood  of  these  valuoc. 

This  diagram  shows  immediately  if  the  drying  is  possible  with  a  single 

column.  Sufficient  for  this  is  that  ts  minimum  corresponding  to  the  curve 

H 

of  the  ta  of  the  problem  and  -I  3,  be  lower  than  the  ts  maximum  found  on  the 
diagrem  of  figure  I.  In  tbs  oontrary  case  one  should  use  two  columns  with 
intermediate  refrigeration.  1 

The  diagram  of  figure  3  will  show  the  possibility  of  adopting  eitoer  an 
apparatus  of  large  diameter  and  little  height,  or  an  apparatus  of  small  dianvmr 
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great  height.  Only  loonl  necessity  in  connection  with  ehcuanranco  of 
“h®  “?>v.'atu;:  -..-ill  >>-%:*•  ju’iciou::  hoi<j->.  /•  may  add  that  the  hi1  <\%*ueod 
ircjni  the  diagram  corresponds  to  the  minumuir.  height  of  the  .flov:  of  chloride 
underneath  vhichit  should  not  fall. 

The  actual  hoight  of  apparatus  should  bo  calculated  taking  into  account 
the  consur.ntioh  of  chloride  and  dos-idcrata  concerning  the  frequency  of  ro - 
chargings.  ' 

Table  III  gives  lowering  of  chloride  in  the  apparatus  as  a  function  of 
initial  conditions  (temperature  'ar.d  unitary  flov;  of  air  to  be  driod).  To 
obtain  actual  lowering  of  chloride  in  t>ie  apparatus  in  cm/24  hours ,  you  must 
multiply  the  lowerinr ,  given  in  the  table,  by  the  difference  (Pe-Ps)  of 
quantities  of  v/ater  contained  in  air  before  and  after  drying. 

From  the  actual  lowering  of  ehlori.de,  ono  doducos  the  total  height  of 
the  apparatus. 

V.e  add  that  the  total  height  thus  calculated  should  be  increased  in 
the  neighborhood  of  3£-to  take  into  aooount  the  increase  of  consumption  due 
to  the  fact  that  following  the  differonco  in  height  of  flew;  of  chloride  be¬ 
tween  two  rochargihgs,  the  consumption  is  strongest  immediately  after  recharging 
and  then  diminishes.  . 

Also,  for  tochnioal  reasons ,  one  ounnot  tolerate  only  very  v.eak  variations 
in  hygromotric  degree  of  dried  air,  it  is  necessary  either  to  adopt  on  apparatus 
of  groat er  diameter  and  consent  to  frequent  rcohargings,  or  envisage  continuous 
feeding  of  chloride.  ' 

Table  IV  gives  consumption  of  commercial  chloride  at  72-75^  CaOl  in  kilo¬ 
grams  par  kilogram  of  fixed  mter.  knowing  the  unitary  output  of  air  and  the 
quantity  of  water  taken  off  by  drying,  one  deduces  the  hourly  cansuapticn. 

Vie  reoall  again  -ihatthe  consumption  thus  calculated  corresponds  to  sn 
apparatus  in  which  the  humid  air  to  bo  dried  is  introduced*  at  the  base  of 


ohloride  flew. 


"»'-».'WJIBlgWf.w,i;||B)3Ui<.'e!‘  ..MfKHyy.  r>T»piy>^ 


* -1  £..£°:asuu^oj£j1dn__-Do^  roC; ucod  by  50 -<■  by  usjr.,.  an  apparatus  bear  in.;;  or. 

scrubber  ^of  1  m.  in  hoight. 


First  cxamo  le 

bhc.t  are  the  dimensions  of  an  apparatus  to  bo  ucod  in  treating  1.800 
m^/h  of  air  at  S1°C  and  90°hygrosietric;  so  that  the  hygremotrie  oogree  of 
air  dried,  returned  to  51°0  rill  not  be  more  than  56? 

Table  I  permits  calculation  of  A: 

A  =  1,115  x  1.300  a  1.430  kg./n. 

(1  ci3  humid  air  at  31°U  and  90°hyr.ro:netric  contains  1,115  kg.  dr?;  air;. 

Table  II  gives: 

Po  s  25,6  gr./kg.  dry  air; 

Fs  =  15,6  gr./kg.  dry  air. 

Tho  diagram  of  figure  I  a  hoy:  a  that  in  order  never  to  have  ?s  Or  15,6  it  is 

necessary  that  the  maximum  ts  be  53,5. 

Tilth  the  aid  of  the  diagram  of  figure  2,  er.c  finds  ta  -  35°  centigrade. 

Y.o  then  consult  the  diagram  of  figure  3.  One  sees  that  ts  =  53,5  is  greater 

v 

than  the  ts  minimum  corresponding  to  an  apparatus  of  jj  -  3. 

Drying  is  then  pocsiblo  with  n  single  column. 

From  the  point  of  view  of  dimensions  of  apparatus ,  wo  envisage  three  cases. 
A)  First  case.  —  Local  utilization  necessitates  an  apparatus  of  low  height. 
This  condition  entails  a  weak  unitarv  out  nut,  thvr  a  rather  large  diameter. 
3y  extrapolation,  one  finds  on  the  diagrcom  of  Igure  3  that  for  the  unitary 
output  of  720  kg./h.m2,  it  is  necessary  that  2  /'0,65  in  ordor  that  kg/h/m2 
ts  ^  53, 5. 

Tho  sootion  of  the  apparatus  should  bo  equal  to  Z  2  m2,  of  which  . 

D  -  1,G0  a. 

Tho  minimum  height  of  flow  of  chloride  should  bo  equal  to  1,60  x  0,63.= 

1,04  m. 


10' 


’.ith  the  aid  of  table  III,  one  finds  that  the  loverin-  of  chloride  is  «cuil 
to  '•  ,  So  ca./i'ih.  for  1  gr.  of  fixed  water  per  kilogram  of  drv  air. 

The  lowering  of  chloride  is  then  equal  to: 


4,  50  (25,6  —15,6)  =  45,8  cm./24  hours. 
Thq  initial  height  should  be  equal  to: 


1,04  *  0,46  =  1,5  motors; 
if  one  recharges  one  a  day. 

While  taking  into  account  the  increase  of  Z%,  one  must  give  to  the  initial 
flow  a  height  of  1,55  netores , 

After  progressive  loworin;  of  the  chloride  level,  ?s  continues  increasing 

in  the  course  of  functioning  ar.d  oscillates  between  ?s  minimum  and  15,6. 

Ps  minimum  corresponds  to  the  beginning  of  the  action,  immediately  after 

v  2.  55 

recharging,  and  corresponds  to  a  »  »  -  0,97. 

After  figure  3,  ts  minimum  corresponding  to  ta  s  55,  A1  -  72C  and 
w 

^  :  0.97  is  oqual  to  52,0  centigrade. 

One  thon  deduces  Ps  minimum  -  15,1  (sec  figure  l). 

detween  two  re  chargings  of  chloride,  Ps  will  vary  from  15,1  to  15,6  g./kg. 
dry  air. 

Consumption  of  ohlorido.  —  In  accordance  nth  Table  IV,  consumption  of 

(  15.1  *  15,6  )  1450  _  , 

chlorido  will  be  oqual  to;  2,33(25,6  —  o  )  l000  “  ®  kg./heur 

(  ) 

At  oaoh  rooharging,  it  will  be  necessary  then  to  introdued  in  tho  apparatus 
34,6  x  24  -  030  kg.  commercial  chloride  of  calcium. 

Thus,  in  resume,  an  apparatus  is  necessary  of  about  1,6  m.  in  diameter 
and  about  2  m.  in  height  to  take  into  account  the  place  necessary  to  inject 
air  under  the  grille. 

One  must  load  on  the  grille  a  layer  of  chloride  of  1,55  m.  in  height . 

The  apparatus  will  be  rechargod  aftor  24  hours  of  action  by  introduction 


of  830  kg.  of  calcium  chloride. 


I 


-11- 


:  -r*. 


o 


o 


i^)  Second  Case. —  For  lace  of  space,  one  desires  an  apparatus  of  lor  section. 

e 

This  condition  imposes  the  choice  of  a  large  output  of  unitary  air. 

he  rill  adopt  A  -  2.500  kg./n./m^  which  fixes  at  0,73  m.  tho  diameter  of 
tho  apparatus, 

3y  interpolation,  one  finds  on  the. diagram  of  figure  3  that  vdth  tho  out- 

I 

H  ■* 

put  of  air  udoptod,  ts  ^  53, 5  when  ^  ^  1, 63-. 

Tho  minimum  height  of  the  layer  of  chloride  is  equal  to  1,33  x  0,73  - 
1,20  n.  approximately. 

With  the  aid  of  table  III,  one  finds  that  tho  lowering  of  chloride  is 
equal  to  26,3  x  10  -  262  cm.,  when  a  period  cf  2d  hour  recharging  is  adopted. 

Tho  initial  height  -.mid  then  ;e  in  this  case  (1,2  *pluc  2,6)  1,03  equals 
3,9  in.  corresponding  to  an  ^  initially  equal  to  5,34. 

The  height  thus  obtained  is  very  largo.  One  can  eventually  reduce  it  by 
consenting  to  a  frequency  of  rechargings. 

Y.e  admit,  for  example,  a  poriod  of  recharging  at  twelve  hours. 

The  lowering  of  chloride  is  equal  this  tiro  to  1,3m  and  in  ccn sequence 
Initial  H  equals  (1,2  plus  1,3)  1,03  equals  2,60  m. 
whioh  corresponds  to  an  initial  D  equals  3,56. 

7»e  call  attention  to  the  fact  that  v/o  have  verified  that  the  loss  of 
charge  of  a  oolumn  of  3  m.  in  height,  full  of  chloride  in  grains  of  15  5o  25  mm. 
is  very  weak.  For  a  unitary  output  of  3  ,  200  m^/4i./m^  the  loss  of  charge  is 
only  2k  mm.  Hg,  or  380  mm.  of  water. 

Tho  diagram  of  firure  3  shore  that  if  ^  equals  3,56,  ts  equals  59,7°  C  and 
ir.  consequence  initial  Ps  equals  14,3  (see  diagram  of  figure  I). 

Between  two  sucoessivo  rechargings,  Ps  will  vary  then  frem  14,3  to  15,  G. 

The  median  Ps  is  thus  equal  to  15  and  Po  —  ?e  equals  25,6  —  15  equals  10,6. 


I 

| 
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Coacunm ti on  of  chloride.  —  According  to  table  IV,  the  consumption  ox'  chlo"ide 

3.450 

bctv.’o  on  two  re  char  girg s  is  equal  to:  2,75  x  10,  S  x  1CQG  x  12  oquals  503  kg. 

xn  adopting  vhis  solution,  an  apparatus  of  about  3  m.  is  necessary  and 
one  of  about  0,73  n.  in  diameter.  One  must  load,  on  the  grille  a  layer  of 

* 

chlorido  of  2,6  m.  in  height.  The  apparatus  v'ill  be  recharged  after  12  hours 
of  action,  jy  introduction  of  510  kg.  of  calcium  chloride. 

CO  Tnird  case.  —  There  is  interest  in  this  case  in  utilizing  an  intermediate 
outpnfc  of  air,  so  as  not  to  adopt  excessive  values  in  either  diameter  or  height 
of  the  apparatus . 

Let  us  examine  for  example  the  solution  of  the  problem  posed,  in  adopting 

a  unitary  outnufc  of  air  of  2,000  kg.  of  dry  air/n./m^. 

1.450 

In  this  oaso  S  oquals  2.000  oquals  0,725  m*“  and  D  equals  0,96  xr.» 

K 

The  diagram  of  figure  3  shows  that,  in  this  case  -  minimum  equals  1,3, 
which  corresponds  to  H  minimum  equals  1,25  me teres . 

In  accordance  with  table  III,  the  lowering  of  chloride  is  equal  to  13,74  x 
10  equals  137  ca„/24  h,  thus  initial  II  equals  (1,25  plus  1,37)  1,03  equals 

TT 

2,70  m.  and  2  equals  2,81. 

3y  interpolation  on  diagram  of  figure  3,  one  finds  that  when  5  equals  2,81, 
to  equals  51,6°C.j  to  this  ts  minimum  corresponds  a  ?s  minimum  equals  14,2 
(diagram  of  figure  I). 

Between  two  successive  rechar  gins,  ths  content  in  water  of  the  air  dried 
will  vary  from  14,2  to  15  9.  Px  median  is  then  equal  to  14,9. 

Consumption  of  chloride.  --  Using  table  IV,  hourly  consumption  of  commercial 
chlorido  is  equal  to: 

1430 

2,53  (25,6  — 14,9)Io56’  equals  39,2  l:g. 

The  consumption  of  chlorido  in  twenty  four  hours  is  then  equal  to  C-41 
kilograms • 
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la  summary,  tho  ap-pts  ratus  would  ha«e  a  >out  3  n.  ho j  ght  and  0,£6  uicuaol 
A  layor  or  chlcrido  2,7  n.  in  height  should  ho  lea  God  on  the  rill  and  tho 
apparatus  recharged  every  24  hours,  introducing  £40  l:j.  of  calcium  ohlcride. 


Seoflr.d  *ocaaplo 

V.hat  are  tie  dimensions  of  tho  apparatus  to  bo  used  in  treating  600; 


r„S4. 


ait  at  2S°C.  and  90°  ftygror.ctric,  so  that  the  hy  ;romo trie  as  -reo  of  dried  air 


* 

1 


left  at  20°C,  will  not  bo  more  than  SO? 

Y,o  can,  as  formerly,  calculate  a  by  roans  of  table  I; 

A  equals  1,152  r.  S00  equals  £21,5  kg. /hour 

Table  II  rives  tho  following: 

pa  equals  17,8  gr./ki;.  dry  air; 

?s  equals  7,1  gr./kg.  dry  air. 

The  diagram  of  figure  I  shov s  that  in  order  that  Po  7,1, 

it  is  necessary  that  ts  be  35°  centigrade. 

7.1th  the  help  of  tho  diagram  of  figure  2,  vc  find  ta  equals  45,6°  centigrade. 

Mow  consulting  the  diagram  of  figure  3,  v.o  can  sea  (by  interpolation)  that 

jr 

for  ta  equals  45,8  and  1  equals  3,  ts  is  always  y  35;  v.e  carrot  then  attain 
the  desired  result  using  an  apparatus  constituted  cf  a  single  column.  Tv.-o 
oolumns  nust  be  used  vdth  intermodie.to  refrigeration. 

"o  are  going  to  show  the  action  to  follow  for  determining  the  dimensions 
of  the  two  apparatuses, 

V.e  will  simultaneously  calculate  ibr  the  casoes  of  two  extreme  uni  tan,' 

2 

yields  of  720  and  3,500  kg./h.in  so  as  to  be  able  to  choose  judiciously  ths 
dimans  ions  to  use. 

As  the  drying  is  done  in  tv.-o  apparatuses,  it  is  logical  to  divide  the 
quantity  of  water  in  half  between  the  two.  The  content  cf  water  in  the  air 
leaving  tho  first  apparatus  should  then  bo  /  12,5  gr./kg.,  which  implies  v.a-. 


\ 

; 


o 


ts  49,4°C  (see  diagram  of  figure  1). 

Kov;,  v;e  have  seen  that  ta  equals  45,8°C.  It  results  that  whatever  the  dimensi 
of  the  apparatus,  the  quantity  of  fixed  water  will  bo  greater  than  half  of  tho 
total  water  to  bo  retained  in  the  two  tines.  In  consequence,  the  height  of 
the  layer  of  chloride  should  nc  as  little  as  possible. 

Experiments  have  shorn  that  ,  in  order  to  have  regular  functioning,  the 

i 

layer  of  chloriao  should  not  be  loss  than  0,  5  n.  in  height.  Then  H  minimum 


equals  0,5:netero, 

To  facilitate  the  text,  vo  rill  indicate  in  a  table,  the  following  successive 
operations  leading  to  results  of  drying,  with  tables  or  diagrams  consulted 
betv.'oon  parenthesis,  (see  table  of  prededing  page), 

V.e  aro  going  to  suppose  now  that  the  air  leaving  these  two  columns  passes 
into  a  refrigerant,  at  the  end  of  which  the  temperature  is  reduced  to  25°C. 

As  at  no  moment,  can  the  value  of  Ps  at  the  ord  of  two  times  be  higher 
than  7,1,  wo  ivill  calculate  from  the  second  apparatus  while  supposing  that 
?e  (2nd  timo)  is  equal  to  Ps  maximum  (first  time). 

In  those  conditions,  table  II  shows  that: 

——-to  Pe  equals  9,75  corresponds  a  hygromotric  degree  equal  to  50  at 


25°  oentigrade, 

— -to  Pe  equals  9,93  corresponds  a  hygrometric  degree  equal  to  51  at 
25°  centigrade.  Vie  can  now  bogin  calculating  tho  apparatus  of  tho  second  time 


Second  tine 

A1  . 720  3,500 

uo  50  51 

te, . 25  25 


ta  ...(diagr.  figure  2)  33,6  33,9 
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■«o  600  that  it  5s  usoloss  to  pursue  tho  oulculaiior..  In  fact,  whatever, 
tho  apparatus,  ts  at  the  oni  of  the  soooncl  tine  will  he  lover  than  33, t  and 
tharoforo  the  corrcspcr.uings  ?5  will  he  notably  lo'-or  than  7,1, 

V.hilo  adnitting  ovor.  that  the  fact  of  having  a  wator  contone  of  dried  u.ir, 
lover  than  the  requirod  valuo,  bo  canpatible  with  tto  technical  demands,  tlerc 
would  rosult  a  useless  oensumptior.  of  chloride. 

In  ordor  to  a  value  closor  to  7,1  tho  v  ...tor  content  of  dried  air,  one 
can  send  only  a  part  of  the  air  to  be  dried  into  the  t"o  columns,  or  send 
the  total  air  into  the  first  coiv.-n  ana  a  part  only  into  the  soccr.d.  These 
two  methods  of  operation  lead  to  the  same  consumption  of  chloride;  tho  first 
permits  a  light  reduotion  of  diaaetor  of tho  two  columns,  tho  second  permits 
Hjpreduoing  to  a  minimum  the  diameter  of  the  column  of  drying  effoctod  the  second 
Ttime . 

Y >o  are  going  to  oontinuo  the  calculation  using  as  example  tho  second 
solution. 

Determination  of  the  quantity  of  air  to  pass  into  tho  sooond  apparatus 
naoossitates  knowledge  of  the  maximum  quantity  of  water  contained  in  tho  air 
on  leaving  this  apparatus . 

To  arrive  at  this,  we  need  the  aid  of  diagram  in  figure  3,  to  determine  tho 
ts  maximum  fbr  the  output  considered,  vhilo  adopting  H  equals  0,5  m.  and  D  oq  :a 
the  diameter  of  the  apparatus  of  ths  first  time. 

One  easily  deduces  Ps  maximum,  A  and  D  to  use,  ho  then  continue  the  cal¬ 
culation  taking  a  equals  0,5. 

Vo  give  here  following  the  calculations.  (3eo  tuilc  on  page  following'. 

One  has  then  the  dimensions  for  tho  two  extreme  cut  puts.  Thoir  ccm  arisen 
v/ill  permit  choosin.-  judi oiously  an  intermediary  output  .'cr  which  tho  cal¬ 
culation  will  be  made  in  the  same  manner. 


1 
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In  the  examples  qiven,  m  put  ourselves  uniquely  in  the  point  of  view  Cf  uoin  • 
tho  ta  lcs  and  diagrams;  hut,  in  practice,  it  is  certain  thrt  tho  apparatus 
used  always  have  a  scrubber.  There  will  result  from  this  a  lessening  of 
consumption  of  chloride  and  a  lessenin'  either  of  height  of  apparatus  or 
frequoncy  of  reebargings.  ’• 

In  practice,  with  a  sorujbor  of  1  :a,  in  height,  consumption  of  chloride 
vdll  oc  reduced  by  half,  and  therefore,  if  ore  maintains  the  same  initial 
hsiq.it  of  the  layer  of  chloride  as  in  t  he  case  of  an  apparatus  with  out  scrubber, 
the  length  of  time  between  two  consecutive  rochnrgirvs  vi 11  ;o  doubled;  if, 
on  the  contrary,  there  is  little  interest  ir.  spacing  tho  re char ■'■ir.gs ,  the  height 
of  tlie  apparatus  may  be  reduced. 

Conclusions 


Drying  of  gas  by  calcium  chloride  is  an  operation  necessitating  a  very 
simple  apparatus  and  is  effected  without  supervision. 

The  diagrams  and  tables  presented  make  possible  tho  solving  of  problems 
of  drying  air  as  prosentod  in  Industrial  praotioo.  It  is  possible  to  determine 
whether  a  pro  clem  oan  be  solved  by  drying  in  one  single  or  in  soveral  machines, 

.  and  to  oaloulate  tho  dimensions  necessary  as  well  as  consumption  of  calcium 
chloride  and  froquonoy  of  rechargings,  ;  v:  . 

There,  is  always  interest,  from  the  point  of  view  cf  result  of  drying  c.s 
well  as  consumption  cf  chloride,  in  refrigerating  the  gas  before  it«*  ontrur.ee  • 
ir.te  the  dryiiv;  &jfc.ratus  and  in  using  an  apparatus  containing  a  scrubber. 

It  is  necessary  to  note  that,  oven  at  a  strong  unitary  output  of' 3.000 
to  3,200  n^/h./m^of  humid  air,  thoro  is  no  chloride  dust,  granted  that,  especially 
with  largo  unitary  outputs,  the  grains  in  the  whole  column  aro  recovorod 
*  immediately  with  a  film  solution, 
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